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TEXTURAL AND LITHOLOGIC DIFFERENCES OF
CRETACEOUS, TERTIARY, AND QUATERNARY
GRAVELS OF SOUTH ARKANSAS
LESLl WOOD
Department of Geology

University of Arkansas
Fayetteville, AR 72701

ABSTRACT
Stream gravels have been derived from the Ouachita Mountains since at least Cretaceous times. Past
studies have assigned ages to gravel deposits in the basins of the Saline and Little Missouri Rivers on
the basis of altitude above local floodplains. This study examines the lithologies and textures of seven
gravel outcrops ranging in age from Cretaceous to Quaternary to determine whether any patterns of variation
based on assigned ages, variable sources, or precise depositional setting can be discerned. No variation
patterns could be found for size distributions of sand-sized and larger fractions. However, the amount
of silt-clay matrix decreases through time from a high of 24% in Cretaceous samples to 6% in Holocene
materials. The ratio chert: sandstone (C:S) varies irregularly. Roundness and sphericity are lowin Cretaceous
samples, and uniformly higher in later materials, though the highest mean roundness found was in a
Cretaceous sample. Purple chert clasts occur only in Cretaceous samples, where the percentage of red
chert is also higher. Most chert in Cenozoic deposits is brown. These differences are attributed to age
and weathering. Those above depend on the source area and its distance from the depositional site.

INTRODUCTION
The Ouachita Mountains have been a source area for stream gravel
at least since the Cretaceous. Gravels ranging in age from Cretaceous
to Quaternary have been deposited along the margins of the province.
Extensive gravel deposits of Cretaceous age occur on the Gulf Coastal

Plain in south Arkansas. Isolated outcrops of gravel inferred to be
Tertiary, occur on the primary divides of the Athens Plateau subprovince
of the Ouachita Mountains, north of the Gulf Coastal Plain (Fig. 1).
Quaternary gravel has been deposited as terrace and floodplain sediments
in the present stream valleys. Previously the gravel deposits were assigned
ages based on their elevation above local floodplain. Inconsistencies
in dating these deposits have resulted. Commonly deposits mapped as
one age by one individual may be mapped as another age by a second
(Miser, 1929; Petroleum Information Corporation, 1984).
This pilot study was initiated to determine if there are any major
lithologic or textural differences among gravel deposits of various ages
in a small study area. In addition, the data on the gravel was used to
determine ifthe source or environment of deposition has changed laterally or temporally.
STUDY AREA AND SAMPLE SITES
The study area is located within the Athens Plateau subprovince of
the Ouachita Mountains Province and along the northern margins of
the Gulf Coastal Plain Province (Fig. 1). Strata exposed within the study
area are Mississippian-Pennsylvanian sandstones and shales and

Cretaceous, Tertiary and

Quaternary gravels.

Figure 1. Index map showing study

area and geologic provinces of

Arkansas.
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SITE Qal-1

,

,

NE1/4 NW1/4 SW1/4, Sec 3,T8S,R29W; approxmately
7km west of Dierks, Arkansas on the south side of
Arkansas State Highway 70.
This stream cut is along

LOCATION:

the eastern
STRATIGRAPHY:

bank of the Saline River.
This deposit consists
of recent
floodplain gravel of Quaternary age deposited on
Paleozoic sandstones
and shales of the Jackfork
Format ion
Sample Oal-1 was taken approximately 5 m up
SAMPLE:
from the waters edge from the stream cut bank

.

.

SITE 0al-2
LOCATION: SW1/4,
located along

SE1/4,

SW1/4,

Sec

8,

T6S,

I

METHODS
Three principal methods were utilized in this study: field observation, laboratory size analysis, and lithologic identification. Samples of
gravels mapped as Cretaceous, Tertiary, and Quaternary gravels were
taken at seven locations, shown inFig. 2. The age of the samples were
based on published maps of Miser and Purdue (1929), current Arkan-

R28W;

the Saline River just off of
Weyerhauser road 32790, and east of Umpire,
This stream-cut
Arkansas.
is found approximately
50 m upstream from the bridge on the east side

.

of the r iver
STRATIGRAPHY: This recent floodplain gravel directly
overlies the Paleozoic sandstones and shales of the
Jackfork Formation.
SAMPLE: Sample Qal-2 was taken approximately 0.3 meters
below the land surface.
SITE Ot-1
LOCATION:

SE1/4, SW1/4, NE1/4, Sec 3, T8S, R29W;
approximately 5 km west of Dierks, Arkansas on the
left side of Arkansas State Highway 70. This

outcrop is
STRATIGRAPHY:

a roadcut

in a terrace.
This Quaternary age terrace

directly

overlies the Cretaceous deposits in the area, but
the contact is not exposed at this site.
SAMPLE: Sample Qt-IT was taken 1 m below the land
surface. Sample Qt-IB was taken approximately 2 m
below the

SITE Qt-2
LOCATION:

land surface.

NW1/4 ,SE1/4 ,Swl/4 ,Sec 16,T5S,

R27W;

approximately 10 km east of Athens, Arkansas on Arkansas
State Highway 84, then right 0.3 km on a small gravel
road that parallels the Little Missouri River
southward. This floodplain terrace is found on the
east side of the
from the river.

40 m

Little Missouri River about

STRATIGRAPHY: This deposit Is a terrace, deposited
within the modern floodplain of the Little Missouri
River. This Quaternary age deposit overlies the
Paleozoic sandstones
and shales of the Jackfork

.

Formation
SAMPLE: Sample Qt-2 was taken
surface of the outcrop.

SITE T-l
LOCATION:

1.1m below

the

,

NW1/4 ,NW1/4 ,SE1/4 Sec 26,T5S,R28W; roadcut
located approximately 180 m above present day
stream level on the eastern side of Weyerhauser road

35340.
STRATIGRAPHY:

This deposit

Tertiary in age

is speculated to be
(Miser, 1929) and directly

sandstones

and shales

of the

Jackfork Formation.
SAMPLE: Sample T-l was taken from
down from the land surface.

the roadcut,

0.5 m

the Paleozoic

overlies

K-l
LOCATION: SE1/4 ,NW1/4 SW1/4, Sec 29,T7S,R28W; 0.5km
east of State Highway 70 at a farm house in Dierks,

SITE

,

.

Arkansas
STRATIGRAPHY:

This deposit is of the Pike Gravel
Member of the Trinity Formation (Lower Cretaceous)
ormably
and unconf
overlies the Jackfork Sandstone.
SAMPLE: K-1T was taken 8 m down the face of the
outcrop from the top cf the hill. K-1B was taken
approximately 2 m below K-1T.
SITE K-2
LOCATION:

,

NW1/4 NW1/4 ,NW1/4, Sec 18,T7S,R25W; a small
gravel pit approximately 2 km south of the Narrows

on
Little
Dam

Figure 2. Map of the study area with sample locations, gravel deposits
and novaculite outcrop.

Lake Gresson
on the
Missouri River and

eastern side of
the west side of

the
State

Highway 19.
STRATIGRAPHY: This outcrop of the Pike Gravel is
Lower Cretaceous
in age and overlies the Jackfork
in this area.
Formation (Pennsylvanian)
SAMPLE: Sample K-2 was taken 1.75 m to 2.5 m from
the land surface.

sas Geological Survey maps of the area, personal communication with
Mr.William Willis of Weyerhauser Industries, and topographic position. At these same locations, observations were made regarding
sedimentary structures, bedding contacts, and the character of any
overlying and underlying deposits. Samples were returned to the lab
and a sub-sample of between 30 and 40 g was used for textural analysis
of the <2mm fraction. The sand fraction was dry sieved, and the silt
and clay fractions were analyzed by standard pipette analysis (Day,
1965). The >2mm fraction was dry sieved into multiple gravel fractions. The percent by weight was calculated for the less than 2mm fraction and for the total sample. Cobbles were those particles >64mm,
pebbles were 64 mm to 4mm, granules were 4mm to 2mm, sand was
2mm to 0.03125mm, silt particles were those 0.03125mm to 0.0039mm,
and clay particles were 0.0039mm to 0.00048mm. Textural and lithologic
analysis of 200 pebbles included sphericity, roundness, and lithology.
The lithology and roundness of50 cobbles was also noted. The degree
of rounding and sphericity was analyzed semi-quantitatively. Two hundred pebbles and fiftycobbles from each sample locality were assigned
to both roundness and sphericity classes (Lewis, 1984). The classes were
assigned a number from 1 to 6 with the higher numbers representing
increasing roundness and sphericity. The number ofindividuals in each
class was then mutliplied by the number assigned to that class. The results
were totaled and the mean calculated. The means are referred to as the
weighted mean of sphericity and roundness.
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RESULTS
Cretaceous samples were taken in two localities (Fig. 2). Both outcrops are the Pike gravel Member of the Trinity Formation (Lower
Cretaceous). The unit forms the basal member of the Trinity Formation within the study area and overlies a pronounced angular unconformity which truncates the upturned edges of the steeply dipping
sandstone and shale of the Jackfork Formation. This unconformity
represents a one-hundred-fifty million year hiatus in sedimentation
(Miser, 1929). The Pike Gravel forms a dissected, southward-dipping
surface along the northern edge of the Gulf Coastal Plain in southern
Arkansas. Itis composed dominantly of sandstone, quartz, and chert
pebbles and cobbles derived from the Paleozoic strata which crop out
in the Ouachita Mountains to the north. The unit is normally 6 to 15
m thick, but may be as much as 30 m near Pike, Arkansas (Miser, 1929).
This gravel unit was deposited by streams and along the shoreline
during the initial advance of the early Cretaceous sea into the south
Arkansas area.
Tertiary

Tertiary gravel was sampled from a single outcrop approximately 106
m above the adjacent streams on a primary divide in the Athens Plateau
subprovince (Miser, 1929) (Fig. 2). This gravel, as initially deposited
on an unconformity in broad valleys, cut 30 to 90 m below a presumed
Tertiary surface. Most of this gravel has been removed by erosion, but
several outcrops of coarse gravel still cap the hills in the area. Remnants of the Tertiary surface without the overlying Tertiary gravel
occur in some areas of the Ouachita Mountains (Miser, 1929) (Fig. 1).

Athens Plateau was deposited in a similar environment (Miser, 1929).
This unit is a thin deposit of water-worn gravel with abundant circular
impact scars. Unlike the Quaternary and Tertiary gravel, much of the
Cretaceous gravel is reported to have been deposited in a beach environment during the northward advance of the early Cretaceous seas across
the south Arkansas area (Miser, 1929). Variation in character of the
Cretaceous deposit has been attributed to various facies along the
shoreline (Miser, 1929). Fluvial facies are also present in the more
northern portion of Cretaceous gravel (Clardy, Arkansas Geological
Commission, personal communication, 1987). K-2 is interpreted to be
a fluvial deposit because ithas abundant crossbedding, pebble imbrication, stratification and a mean roundness of 4.33 (rounded to subrounded). The source of the pebble-sized fraction of the gravel may
be reworked beach deposits because the pebble fraction has an
anomalously high degree of rounding (Table 1). K-l is also interpreted

.

Table 1 Textural and lithologic data on various aged gravel deposits
of the study area.

*****
KRCENTAOCI

Quaternary terrace gravel was sampled at two locations, in the
Little Missouri River valley and the Saline River valley (Fig. 2). The
width of the terraces increased markedly at the northern margin of the
Gulf Coastal Plain Province compared to that of the terraces in the
Athens Plateau Subprovince. The height of the terraces in the southern
part of the study area is 10 to 45 m above stream level. The underlying
deposits are mainly composed of chert and sandstone fragments,
subangular to well rounded, and ranging in size from granules to
cobbles. The gravels are derived from the Ouachita Mountains and
reworking of Cretaceous gravels. These outcrops are differentiated from
those mapped as Cretaceous by their lower elevation, association with
the modern stream valleys, abundant sedimentary structures, and buried
soil horizons.
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to be a fluvial deposit because ofits lack of stratification and its angularity (3.38, subangular to subrounded).

Distance from Ouachita Mountains
There are lithologic differences between the gravel in the Ouachita
Province and the gravel located immediately to the south in the Coastal
Plain Province (Fig. 1). Gravel of all ages located in the Coastal Plain
%

CHERT INPEBBLE FRACTION

Quaternary Channel Gravels

Holocene gravel was sampled at two locations along the Saline River
(Fig. 2). The deposits have been derived from erosion of the adjacent
terrace deposits, Paleozoic strata in the Ouachita Mountain Province,
and Cretaceous gravel in the Gulf Coastal Plain Province. They are
similar in composition and texture to older Quaternary Terraces which
have been described, but have higher concentrations of the Pennsylvanian bedrock and lower concentrations of the reworked Cretaceous
gravel than the terraces. The distribution of the gravel is confined to
the flood plain of stream valleys.
Variables Affecting Gravel Character

Several variables have affected the lithology and texture of the various

gravel

deposits in the study area; including depositional environment,
of transport from the Ouachita Mountains, drainage basin,

Figure 3. Bar graph of percent chert in the pebble fraction of gravel
from the Gulf Coastal Plain Province and the Ouachita Mountain
Province.

distance

and age.

Depositional Environments

Gravel character is affected by the environment in which it is
deposited. Both the modern stream gravel and the Quaternary terrace
gravel were deposited
in stream channels. The Tertiary gravel on the

Province contains a higher percentage of chert, (75%) compared to that
in the Ouachita Province (39%) (Fig. 3). The cherts in the older gravel
deposits to the north were apparently reworked when they were
transported downstream and were concentrated in the gravels within
the southern parts of the study area. In contrast, recent stream gravel
in the Ouachita Mountain Province contain an appreciable amount of
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shale (10%) compared to recent stream gravel in the Coastal Plain
Province. The shale in the stream deposits of the Ouachita Province
was derived from the local shale outcrops of the Stanley Formation.
This shale was apparently relatively unstable and was diminished in
abundance downstream from the outcrop.

of the gravel deposits also varies with age in the Saline River drainage
basin. The percentage of red chert is 50% of the total chert in the
Cretaceous gravel (Fig. 6). This red color is a weathering rind developed

'

Drainage Basins
A third variable which affects the character of the gravel in the study
area is the drainage basin in which the gravel was deposited. Gravel
sampled from the LittleMissouri River drainage basin in the eastern
part of the study area differs lithologically from gravel sampled from
the Saline River drainage basin in the western portion of the study area.
The most noticeable difference in lithology is the relatively high amount

Figure 4. Bar graph of recent novaculite in gravels from the Little
Missouri River and the Saline River drainage basin.
of novaculite (34%) in gravel from the Little Missouri River drainage
basin (Fig. 4) compared to that in the Saline River drainage basin where
novaculite composes only 9% of the gravel. Novaculite outcrops are
present in the headwaters of the Little Missouri River drainage basin
and are nearly absent from the area drained by the Saline River (Fig.
2). A less obvious lithologic difference between drainage basins is the
greater abundance ofblack chert in the gravel from the LittleMissouri
River (33%) drainage basin compared to that in the gravel from the
Saline River drainage basin (15%). The reason for this is unclear because
chert color within the gravel deposits is affected both by weathering
and by the original color of the chert.

Figure 6. Bar graph of percent red chert in the chert pebble fraction
of gravel units in the Saline River drainage area.

on the chert clasts. The percentage of sandstone also varies with age
in a single drainage basin. The amount of sandstone is highest in the
present channel gravel (34%). The Quaternary terrace gravel is intermediate in amount (19%), and the Cretaceous gravel has the least
amount of sandstone (8%) (Fig. 7). Distribution of total chert and red

Time
Many variables affect the character of the gravel deposits in the study
area, as discussed above, but time appears to be dominant. The amount
of clay increases in older gravel deposits compared to that of younger
(Fig. 5) due to weathering and mechanical infiltration. The lithology

Figure 7. Bar graph of percent sandstone in pebble fraction of gravel
units in the Saline River drainage area.

Figure 5. Bar graph of percent clay in gravel units of various ages.

94

chert in Quaternary terrace deposits is probably controlled by the
availability ofolder Cretaceous gravel deposits, which have a relativelyhigh abundance of red chert and a low abundance of sandstone, for
reworking and incorporation into younger deposits. In contrast, recent
stream channels have eroded below the Cretaceous gravel and are
eroding Pennsylvanian sandstone and shale. Therefore these recent
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gravels are composed of very little red chert, but have abundant
sandstones.
DISCUSSION
Cretaceous gravel characteristically consists dominantly of subangular
subrounded chert, of pebble size or larger. In the field the gravel
is distinguished by its red color caused by abundant red chert and the
relatively high red clay content (24%) (Table 2), and by its presence
on divides at the Ouachita Mountain-Gulf Coastal Plain Boundary.
Cretaceous gravel unconformably overlies the Jackfork Formation in
the study area. Itoccurs 90 to 260 mabove the present floodplain and
is general ly~$elow 200 m in elevation in the study area. This gravel has
been mapped as Quaternary terrace deposits (Arkansas Geological Commission, 1976).
Tertiary gravel consists of subangular to subrounded chert, sandstone,
and novaculite cobbles and pebbles. The chert present is dominantly
brown in color. The coarse texture has allowed accumulation of a silt
plus clay matrix (Table 1). Inthe field, Tertiary gravel can be recognized
by its coarse texture (38% > 16mm) and by its topographic position
on primary divides within the Ouachita Mountain Province. Itis generally 260 to 350 + m above sea level and 1 10 + m above present day stream
level.
Quaternary terrace deposits are composed of subangular to subrounded chert withminor amounts of sandstone (Table I). The clasts
are mainly pebble-sized with a few cobbles. The dominant chert color
is brown with a minor amount of red chert. Though often mistaken
for Cretaceous deposits in the area, these terrace deposits contain a
relatively low silt and clay percent (11%). The Quaternary terrace
deposits are distinguished from older deposits by substantially less red
chert, a finer texture, and abundant sedimentary structures.

Recent (Holocene) gravel are most easily recognized by their position on the present-day stream floodplains. They are composed of
subangular to subrounded chert and sandstone. The lithology is strongly
influenced by formations which outcrop in the immediate area (Table 1).
CONCLUSIONS

to

Though extensive gravel deposits do exist in south Arkansas, extensive research has not been done on their lithology and distribution. Most
mapping has been accomplished by aerial photographs and field
reconassance. The exception is the detailed map of the DeQueen and
Caddo Gap Quadrangles done on horseback by Miser and Purdue
(1929). The present study provides quantitative data and confirms most
observations of Miser and Purdue. Differences do exist between the
ages of gravel, both lithologically and texturally. These differences are
relatively obvious in the field and allow recognition of these different
gravels.
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